ABSTRACT.7H6 antigen is a novel tight junction-associated protein first identified in our laboratory with a monoclonal antibody generated by immunizing mice with a bile canaliculus-rich membrane fraction obtained from adult rat liver. Although the antigen is found preferentially at the tight junction of epithelial cells in various organs in adult mammals, the relationship between 7H6 antigen and other tight junction proteins remains obscure. In the present study we examined the relationship between the immunohistochemical distribution of 7H6 antigen and occludin in chick intestinal epithelial cells during development in vivo, since occludin is the only known membrane protein composing tight junctions which is found thus far exclusively in avian tissues.
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7H6 antigen was found as coarse dots along the basolateral cell membrane of intestinal epithelium in the chick embryo, whereas it was found as a fine dashed line along the cell border in the chicken. In contrast, occludin was found linearly together with ZO-1 at the cell border of intestinal epithelia both in the chick embryo and chicken. The possible significance of such different localization is briefly discussed.
Recently several tight junction-associated proteins, such as ZO-1 (9), cingulin (3), ZO-2 (6), 7H6 antigen (14) , pl30 (2), and rabl3 (12), and occludin (4) were found. Occludin is unique among them, because it is so far the only integral membraneprotein found at tight junctions, and is therefore expected to conduct tight junctional functions (4). ZO-1 was the first protein found at tight junctions. It localizes at the cytoplasmic surface of the junction (9). ZO-1 has recently been shown to associate directly with occludin (5). On the other hand, 7H6antigen was identified in our laboratory with a novel monoclonal antibody generated by immunizing mice with a bile canaliculus-rich membrane fraction of adult rat liver (14) . Although 7H6 antigen is suggested to correlate with the paracellular barrier function of tight junctions in mammalian endothelial and epithelial cells in vitro (7, 8, 13, 14) , the interaction of 7H6antigen with other tight junction proteins is as yet unelucidated.
In this study, we examined the ifnmunohistochemical localization of occludin, ZO-1, and 7H6 antigen in the intestinal epithelium during the ontogenic development of chick intestine in vivo, in an attempt to assess whether there is any relationship amongthe expressions of these tight junction proteins. Since occludin is only detectable in avian tissues, we examined chick intestine. The results of the present study clearly showed that the intracellular distribution of 7H6 antigen in the embryonic intestine is significantly different from that of occludin and ZO-1.
MATERIALS AND METHODS
Animals. Fertilized White Leghorn chick eggs (Hokuren Corp., Sapporo) were incubated for 13-21 days in a humidified atmosphere at 37°C. Embryos were obtained from the eggs at 13-21 consecutive days. Post-hatched chicks were sacrificed at days 1-7, 14 and 28. After the exclusion of blood, the jejuna were harvested from chicks. Okazaki, Japan), affinity-purified rabbit anti-ZO-1 antiserum (Zymed Laboratories, Inc., USA), or 7H6 monoclonal antibody. The second antibody was FITC-conjugated rabbit antirat IgG (DAKO, Japan), FITC-conjugated swine anti-rabbit IgG (DAKO, Japan), or FITC-conjugated goat anti-mouse IgM (INC Biomedicals, USA). Samples were examined under a fluorescence microscope. Freeze-fracture. Freeze-fracture was carried out according to the methods of Yamamotoet al. (10, ll) . The tissue blocks obtained from the jejunal portion of chick small intestine as described above were immersed in 40% glycerin solution after fixation with ice-cold 2.5% glutaraldehyde in 0. 1 M cacodylate buffer at pH 7.4 for 30 min. Specimens, placed on a small piece of nylon mesh, were mountedon a copper stage, frozen in liquid nitrogen and fractured at -170°C to -180°C using a JFD-9010 freeze-fracture device (JEOL Ltd., Tokyo).
Platinum-carbon replicas were made without etching. After thawing, the tissues were placed together with the small piece of nylon meshon a larger piece of nylon mesh and floated on filter-cleaned commercial bleach for 2 h in a Teflon dish. Replicas were washed in 20%Extran MAO2 neutral solution (Merck, Germany) for 1 to 2 h then in distilled water for 30 min, before being mounted on copper grids, and examined under an electron microscope at an acceleration voltage of 80 kV.
RESULTS
Immunohistochemical studies. Tight junction associated-proteins were found along the epithelial cell border with a honeycomb-like appearance at the apical areas of the epithelium. Both occludin and ZO-1were observed as a single line at the epithelial cell border, before ( Fig. IB and 1C ) and after ( Fig. IE and IF) hatching. By contrast, in the embryonic period, 7H6 antigen was observed as coarse dots arranged in a row as a coarse dotted line (Fig. 1A and 2A ) mostly at the apical cell border, but to a lesser extent along the basolateral cell surface of intestinal epithelial cells as well. In the chicks, 7H6 antigen was observed as a fine dashed line located mostly at the apical cell border (Fig. ID) . The dashed line of 7H6antigen was discontinuous at the tricellular region (Fig. 2B, arrowhead) . Freeze-fracture studies.
Tight junctions were ob- served at the apical portion of intestinal epithelial cells as belt-like parallel strands of intramembranous particles constituting a net-like arrangement both before (Fig. 3A) and after hatching (Fig. 3B) . The width of tight junctions and the number of strands in the embryonic period were similar to those found in the post-hatching period.
Microvilli seen in the post-hatching intestinal epithelium (Fig. 3B) were much longer than those observed in the embryonic epithelium (Fig. 3A) .
DISCUSSION
The aim of the present study was to assess whether there is any relationship between the distribution of 7H6 tight junction-associated protein and occludin. We examined chick intestine for the following reasons: (A) the expression of occludin, the only knowntight junction protein having membrane-spanning domains, is so far limited to avian tissues (4), and (B) because the intestinal epithelial cells have well-developed tight junctions and the development of tight junctions is highly expected during ontogeny. The results of the present study clearly showed that the intracellular distribution of 7H6 antigen in the intestinal epithelium changed significantly during the perinatal development of chick intestine. On the other hand, localization of occludin together with ZO-1 in the embryonic intestinal epithelium was virtually identical with that in the chick intestinal epithelia. Since chick occludin has four membranespanning domains and two extracellular loop domains composed of hydrophilic amino acids (4), occludin is most likely to be responsible for the tight junctional function. Occludin was recently shown to associate directly with ZO-1 via the C-terminal cytoplasmic domain and the binding is thought to be necessary for the localization of occludin at tight junctions (5). Anderson et al. have recently suggested that dissociation of these two proteins might occur in certain pathologic conditions (1) . Therefore, colocalization of these two proteins at the cell border of intestinal epithelial cells in chick embryos indicates that the structure of tight junctions is already constructed in the embryonic intestine. Occludin corresponds to the intramembranous particles observed in freeze-fracture replicas. Thus the results of the present study indicated that the immunohistochemical localization of both occludin and ZO-1 at the apical cell border reflects the presence of organized tight junctions. On the other hand, distribution of 7H6 antigen changed obviously during ontogenic development of the intestine. Although the molecular mechanisms of such significant changes in the distribution of 7H6 antigen and subcellular constituents corresponding to the dot-like localization of 7H6 antigen are not known yet, the different localization of 7H6 antigen and occludin would suggest that 7H6 antigen may not be the constituting protein of the tight junction. Nevertheless, 7H6 antigen localizes exclusively at tight junctions of epithelial cells in a wide variety of organs in adult mammals. The results of the present study also showedthat 7H6 antigen localized close to the cell border of intestinal epithelium in association with the ontogenic development of chick intestine. These findings suggest the possibility that colocalization of 7H6 antigen with other tight junction proteins may have some role in the development of tight junctions.
Because of technical difficulties in the quantitative measurement of the function of tight junctions in the chick intestine in vivo, wecould not assess the relationship between the changes in the distribution of 7H6 antigen and the functional changes in intestinal tight junctions in the present study. Since earlier studies have suggested that the localization of 7H6 antigen at tight junctions correlates with the enhancementof the paracellular barrier function of mammalian epithelial and endothelial cells, further in vitro studies using monolayerculture of chick intestinal epithelial cells or isolated perfused chick intestine are necessary to obtain more detailed information about the functional significance of the changes in 7H6 antigen distribution.
In conclusion, we showedin this study that the distribution of 7H6 antigen is different from that of occludin and ZO-1 in intestinal epithelial cells during the ontogenic development of chick intestine. Assessment of the biological significance of such different features among tight junction-associated proteins awaits further studies.
